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[Title of the Invention] 

ULTRA-FINE PARTICLE DISPERSED MOLDED ARTICLE 
[ABSTRACT] 

[Object] An ultra-fine particle dispersed fiber and 

resin-molded article both having excellent uniformity are 
provided . 

[Constitution] 

A fiber or resin molded article comprises ultra-fine 
particles which are independently present therein, have a 
uniform particle diameter of less than 200 nm and 1 nm 
(Note: should be not less than 1 nm) and are hardly 
aggregated- A typical method of preparing the fiber or 
resin molded article comprises containing a metal salt or 
the like into a polymer used as a raw material, reducing 
the metal salt with heat treatment and thereby preparing 
uniform ultra-fine particles in the polymeric raw material, 
and thereafter preparing a fiber or resin molded article 
using this raw material. 

[Claim] 

1. A mbl'ded article comprising ultra-fine particles 
which are dispersed in the article and have an average 
particle diameter of less than 200 nm and not less than 1 
nm, wherein the particle diameter distribution and the 
dispersed condition of the ultra-fine particles are 
uniformly maintained. 

[Detailed Description of the Invention] 
[0001] 

[Field of Application in Industry] 

The present invention relates to a fiber and resin 
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molded article in which ultra-fine particles are dispersed 
uniformly. Adding ultra-fine particles to a fiber or resin 
molded .article imparts various functions, for example, 
antibacterial properties, fungus resistance, deodorant 
properties, flame retardant properties, ultraviolet light 
protection, thermal storage properties , improvement of 
surface characteristics, sensation of coolness and the like. 
[0002] 
[Prior Art] 

Conventionally, imparting of various functions has 
been conducted by adding inorganic fine particles having a 
particle diameter of several microns into fibers or resin- 
molded particles . For example, the addition 1 of the 
inorganic particles is conducted in order to impart 
antibacterial properties, fungus resistance, deodorant 
properties, flame retardant properties, ultraviolet light 
protection, thermal storage properties, improvement of 
surface characteristics, sensation of coolness and the like. 
[0003] 

However, in the case of using ultra-fine particles 
having an average particle diameter of less than 200 nm, 
the ultra-fine particles are aggregated in the step of 
adding them to fibers or resin molded articles during 
preparing the fibers or the molded articles, so that it 
becomes difficult to uniformly disperse the ultra-fine 
particles therein. 
[0004] 

[Problem to be Solved by the Invention] 

It is an object of the present invention to provide 
an ultra-fine particle dispersed fiber and an ultra-fine 
particle dispersed resin-molded article each having 
excellent uniformity. 
[0005] 
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[Means for solving the Problem] 

When fibers or resin-molded articles are prepared, 
in the step of melting and kneading and other steps, ultra- 
fine particle powder is added directly to cause aggregation 
of ultra-fine particles and thereby the ultra-fine 
particles are not dispersed uniformly. However, the 
present inventor found that ultra-fine particles are 
prepared in a polymer, which is a raw material for molded 
articles and thereby a uniform dispersion state can be 
attained- Thus, the present invention has been 
accompl i shed . 
[0006] 

That is, the molded article of the present invention 
comprises ultra-fine particles, which are dispersed therein, 
and have an average particle diameter of less than 200 nm 
and not less than 1 nm, and the particle distribution and 
the dispersion condition of the ultra-fine particles are 
uniformly maintained. The molded articles of the present 
invention are fibers and resin-molded articles. Examples 
of the fibers may include natural fibers such as cotton, 
wool, silk, hemp or the like, regenerated fibers such as 
rayon fiber, cuprammonium rayon fiber or the like, 
synthetic fibers such as acetate fiber, vinylon fiber, 
nylon fiber, vinylidene fiber, polyvinyl chloride fiber, 
polyester fiber, polyethylene fiber, acryl fiber, 
polypropylene fiber or the like and inorganic fibers such 
as glass fiber or the like. 
[0007] 

Usable examples of the resin may include 
thermoplastic resins, thermosetting resins and the like. 
Specific examples of the thermoplastic resin may include 
AAS resin, AES resin, AS resin, isobutylene-maleic 
anhydride copolymer resin, ABS resin, ACS resin, ethylene- 
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polyvinyl chloride copolymer resin, vinylidene chloride 
resin, vinyl chloride resin, coumarone resin, ketone resin, 
vinyl acetate resin, phenoxy resin, butadiene resin, 
fluorine resin, polyacetal resin, polyamide, polyamide 
imide, polyarylate, polyether imide, polyether ether ketone, 
polyethylene, polyethylene terephthalate, polycarbonate, 
polystyrene, polysulfone, polyparamethyl styrene, polyvinyl 
alcohol, polyvinyl ether, polyvinyl butyral, polyvinyl 
formal, polyphenylene ether, polyphenylene sulfide, 
polypropylene, polymethylpentene, methacryl resin, liquid 
crystal polymer and the like* 
[0008] 

Examples of the thermosetting resin may include DFK 
resin, epoxy resin, xylene resin, phenol resin, polyimide, 
polyurethane, melanin resin, urea resin, vinyl ester resin, 
unsaturated polyester resin and the like. Further examples 
thereof may include natural polymers such as methyl 
cellulose, ethyl cellulose, acetate plastics, acetic acid 
cellulose. 
[0009] 

The resin molded articles of the present invention 
are resin molded articles having various shapes by. molding 
the above described resin with a molding method such as 
injection molding, extrusion molding, compression molding 
or the like. Although the materials of the ultra-fine 
particles of the present invention are not particularly 
limited, examples thereof may include metals, 
semiconductors, oxides, sulfides, organic matters and the 
like. Further, preferable examples thereof may include 
metals such as silver, gold, copper, palladium, rhodium, 
platinum or the like, oxides such as silver oxide, copper 
oxide, titanium oxide, zinc oxide or the like, and 
semiconductors such as cadmium sulfide, cadmium selenide, 
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zinc sulfide, zinc selenide, silicon, germanium or the like. 
More preferable examples thereof may include metals such as 
silver, gold, copper, palladium, rhodium, platinum or the 
like and oxides such as silver oxide, copper oxide or the 
like . 
[0010] 

The average particle diameter was measured in the 
following manner- The fiber or resin molded article 
prepared was cut using an ultra-microtome to prepare an 
ultra thin slice, this slice was mounted on a collodion 
support membrane-clad copper-made grid and subjected to 
carbon deposition treatment to prepare a sample for 
observation with a transmission electron microscope. The 
thickness of the ultra-fine slice is not less than 50 nm 
and not more than 100 nm. The observation was carried out 
using the transmission electron microscope (JEM-4000FX 
manufactured by JEOL Co., Ltd.) by application of an 
accelerating voltage of 200 kV, at an observation 
magnification of 50000 or 100000 and the photograph 
magnified at 200000 times or 400000 times was used. Next, 
using this photograph, the diameters of 100 neighboring 
ultra-fine particles present in a definite range of the 
photograph of an image analysis apparatus were measured and 
the arithmetic average determined from the diameters was 
taken as an average particle diameter. When the number of 
the ultra-fine particles present in the photograph was less 
than 100, 100 particles were prepared by using necessary 
sheets of the transmission electron microscope photographs 
present in different positions and the average thereof was 
taken as an average particle diameter. 
[0011] 

The fact that the particle diameter distribution is 
uniform means that when the average particle diameter is 
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indicated with R, not less than 50 % of the ultra-fine 
particles measured have a diameter distributed in the range 
of not less than 0.5 R and not more than 1.5 R, In the 
case where the particle diameter ' distribution is more 
uniform, not less than 75 % of the ultra-fine particles 
have a diameter distributed in the above range* The fact 
that the dispersion state is uniform means that in the 
electron microscope photograph for measuring average 
particle diameter, the number of overlapped particles is 
not more than 30 among 100 particles used in average 
particle diameter measurement. In the case where the 
dispersion state is more uniform, the number of overlapped 
particles is not more than 10 ♦ 
[0012] 

The parts where the dispersion state is uniform may 
be localized. Of course, all the parts where the 
dispersion state is uniform may be uniform. The fact that 
the parts are localized means that for example, ultra-fine 
particles are present only on the surface and its vicinity 
or only on the center and its vicinity and in the above 
parts, the dispersion state is uniform. Of course, the 
amount of ultra-fine particles in a material varies 
depending on the kind of the material in which the ultra- 
fine particles are dispersed, or the aimed performance for 
the material. For example, in the case where the ultra- 
fine particles are dispersed in polymers such as a fiber or 
a resin, the amount thereof is not more than 5 wt% and not 
less than 0.1 ppm. 
[0013] 

In the present invention, the ultra-fine particles 
need to have an average particle diameter of less than 200 
nm and not less than 1 nm. At present, ultra-fine 
particles having an average particle diameter of less than 
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1 nm have not been prepared in the above dispersion state. 
The measures for attaining the above dispersion state and 
particle diameter distribution are not particularly limited 
as long as the above conditions can be attained. 
Preferable examples of the measure may include a method of 
preparing ultra-fine particles in a solid phase of a 
polymer, which is a raw material for preparing a fiber or 
resin molded article and other methods. For example, it is 
possible to use a method such that a polymer raw material 
such as polymer pellets in which a metal salt, a reducing 
agent and the like are dissolved or incorporated is treated 
with heat to carry out reduction in the polymer raw 
material and thereby the ultra-fine particles are prepared 
within the polymer raw material- Further, it is also 
possible to use a method such that a polymer soluble in a 
solvent is dissolved in the solvent and then a metal salt 
and a reducing agent are added, and ultra-fine particles 
are prepared with reduction reaction, thereafter the 
solvent is removed and thereby a polymer raw material in 
which the ultra-fine particles are dispersed is prepared, 
and a method such that only a metal salt is dissolved or 
incorporated in a polymer raw material and subjected to 
heat treatment to reduce the metal salt, and thereby, ultra- 
fine particles are prepared in the polymer raw material. 
[0014] 

Furthermore, this polymer raw material can be 
processed into a fiber- In addition, the polymer raw 
material can be made into various resin molded articles by 
subjecting it to injection molding, extrusion molding, blow 
molding or the like. In the case where the ultra-fine 
particles are dispersed on the surface of a fiber, resin 
molded article or the like, the metal salt and the like are 
directly incorporated in the fiber, resin molded article or 
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the like and subjected it to heat treatment or reduction 
treatment and thereby the ultra-fine particles can be 
dispersed on the surface thereof in a high concentration. 
[0015] 
[Example] 

The present invention will be described in more 
detail with reference to the following examples, but the 
present invention should not be limited by these examples. 
[0016] 
Example 1 

A master batch was prepared in the following manner. 
A coating solution having the composition as shown below 
was prepared. 

Polystyrene 10 g 

Silver hepthaf luorobutyrate 0*01 g 

2-t-Butyl-6- (3-t-butyl-2-hydroxy-5-methylbenzyl) -4 -methyl 
phenyl acrylate 0.02 g 

Methyl ethyl ketone 60 g 

Toluene 30 g 

The coating solution was filtered off through a 
filter having an average pore diameter of 0.2 |im and then 
uniformly applied using a blade coater on a polyethylene 
terephthalate (PET) film in a thickness such that the dried 
film thickness was 6 fim and dried naturally. Thereafter, 
the film was heat treated at 150°C for 30 minutes using an 
oven, and then the styrene membrane was rieleased from the 
PET film and this styrene membrane was taken as a master 
batch. This master batch was mixed with polystyrene so 
that the silver amount was 0.05 wt%, and injection molded 
to prepare a sample for evaluating antibacterial properties 
[0017] 

The particle diameter was measured using an electron 
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microscope photograph and it was found that the average 
particle diameter was 9 nm. Further, all of 100 silver 
fine particles measured were independently dispersed- With 
regard to the particle diameter distribution, 85 % of the 
particles were present in the particle diameter range of 
not less than 4*5 nm and not more than 13.5 nm. 
[0018] 
Example 2 

A master batch was prepared in the following manner. 
A solution having the composition as shown below was 
prepared „ 

Silver trif luoroacetate 0-1 g 

Methanol 15 g 

To this solution, pellets of nylon 6 were immersed 
overnight, and thereafter, the pellets were taken out from 
the solution and the solvent was removed- The pellets were 
heat-treated using an oven at 150°C for 30 minutes. Using 
this master batch, nylon 66 chips were mixed in an amount 
such that the silver amount was about 0.01 wt% to prepare a 
yarn of 10 deniers. Thereafter, using this yarn, a cloth 
was prepared. The particle diameter was measured using the 
electron microscope photograph thereof and it was found 
that the average particle diameter was 19 nm. Further, all 
of the 100 silver fine particles measured were 
independently dispersed- With regard to the particle 
diameter distribution, 75 % of the ultra-fine particles 
were present in the particle diameter range of not less 
than 9.5 nm and not more than 28.5 nm. 
[0019] 
Example 3 

The coating solution comprising the following 
components was prepared. 

Sodium gold acid chloride 0*1 g 
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Polyurethane 100 g 

Isopropyl alcohol 700 g 

Methyl alcohol 100 g 

Toluene 400 g 



This coating solution was filtered off through a 
filter having an average pore diameter of 0.2 fim and then 
uniformly applied using a blade coater on a cloth of nylon 
6 (Article number 1162 manufactured by Asahi Kasei 
Corporation) in a thickness such that the dried film 
thickness was 6 ^m and dried at a temperature of 3Q*C at a 
humidity of 45 %RH. Thereafter, this sample was heated at 
150°C for 20 minutes . From this sample, a slice for 
transmission electron microscope was prepared using a 
microtome and was observed using the transmission electron 
microscope. The inspection with the transmission electron 
microscope was carried out using the electron microscope H- 
500 manufactured by Hitachi, Ltd. The diameters of 100 
gold fine particles were measured from the photograph and 
it was found that the arithmetical average particle 
diameter was 28 nrrw Among the 100 gold fine particles, 95 
gold fine particles were independently dispersed. With 
regard to the particle diameter distribution, 90 % of the 
ultra-fine particles were present in the range of not less 
than 14 nm and not more than 4 2 nnu 
[0020] 

[Effect of the Invention] 

The present invention can provide a new fiber and a 
new resin molded article with high uniformity of ultra-fine 
particles each having a sharp ultra-fine particle diameter 
distribution, less aggregation of ultra-fine particles and 
existing independently* 
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